
Chapter 4: Quantum Mechanics in 3D
Quantum Mechanics

1 Angular Momentum
Definition 1.1 (Angular Momentum Operator). [def:angular-momentum] The angular momentum
operator is

ˆ⃗
L := ˆ⃗r × ˆ⃗p,

with components
L̂x = ŷp̂z − ẑp̂y, L̂y = ẑp̂x − x̂p̂z, L̂z = x̂p̂y − ŷp̂x.

2 Atomic Eigenstates
Definition 2.1 (Atomic Eigenstate). [def:atomic-eigenstate] An atomic eigenstate |ψnℓm⟩ (also
written |n, ℓ,m⟩) is the simultaneous eigenstate of Ĥ, L̂2, and L̂z with eigenvalues En, ℓ(ℓ+1)ℏ2,
and mℏ respectively. Its position-space wavefunction separates as

ψnℓm(r, θ, ϕ) = Rnℓ(r)Y
m
ℓ (θ, ϕ),

where Rnℓ is the radial function and Y m
ℓ is the spherical harmonic.

Theorem 2.1 (Parity of Spherical Harmonics). [thm:spherical-harmonic-parity] Under (θ, ϕ) → (π−
θ, ϕ+ π),

Y m
ℓ (π − θ, ϕ+ π) = (−1)ℓ Y m

ℓ (θ, ϕ).

Proof. TODO
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